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SYSTEMS AND METHODS FOR The illustrated three - winding transformer 34 typically has 
CONTROLLING ELECTRICAL POWER ( 1 ) a 33 kilovolt ( kV ) medium voltage ( MV ) primary 

SYSTEMS CONNECTED TO A POWER GRID winding 33 connected to the power grid , ( 2 ) a 6 to 13.8 kV 
MV secondary winding 35 connected to the generator stator 

FIELD 5 32 , and ( 3 ) a 690 to 900 volt ( V ) low - voltage ( LV ) tertiary 
winding 37 connected to the line - side power converter 42 . 

The present disclosure relates generally to wind turbines , Referring now to FIG . 3 , individual power systems of a 
and more particularly , to systems and methods for providing plurality of wind turbines 10 may be arranged in a prede 
voltage stability for a plurality of wind turbines connected to termined geological location and electrically connected 
a power grid . 10 together to form a wind farm 46. More specifically , as 

shown , the wind turbines 10 may be arranged into a plurality 
BACKGROUND of groups 48 with each group separately connected to a main 

line 50 via switches 51 , 52 , 53 , respectively . In addition , as 
Wind power is considered one of the cleanest , most shown , the main line 50 may be electrically coupled to 

environmentally friendly energy sources presently available , 15 another , larger transformer 54 for further stepping up the 
and wind turbines have gained increased attention in this voltage amplitude of the electrical power from the groups 48 
regard . A modern wind turbine typically includes a tower , a of wind turbines 10 before sending the power to the grid . 
generator , a gearbox , a nacelle , and one or more rotor blades . With the growing success of wind power production in 
The rotor blades capture kinetic energy of wind using known recent years , this form of power has gained significant 
airfoil principles . For example , rotor blades typically have 20 market share . As wind power is not a power source having 
the cross - sectional profile of an airfoil such that , during a constant power output , but includes variations , for 
operation , air flows over the blade producing a pressure example due to variations of the wind speed , operators of 
difference between the sides . Consequently , a lift force , power distribution networks have to take this into account . 
which is directed from a pressure side towards a suction One of the consequences is , for example , that the distribu 
side , acts on the blade . The lift force generates torque on the 25 tion and transmission networks have become more difficult 
main rotor shaft , which is geared to a generator for produc- to manage . This pertains also to the management of the 
ing electricity . amount of reactive power flow in a network . 

For example , FIGS . 1 and 2 illustrate a wind turbine 10 Referring now to FIGS . 4 and 5 , schematic diagrams of a 
and associated power system suitable for use with the wind farm - level reactive power control scheme and a turbine 
turbine 10 according to conventional construction . As 30 level reactive power control scheme are illustrated , respec 
shown , the wind turbine 10 includes a nacelle 14 that tively , according to conventional construction . More spe 
typically houses a generator 28 ( FIG . 2 ) . The nacelle 14 is cifically , as shown in FIG . 4 , the farm - level control scheme 
mounted on a tower 12 extending from a support surface includes a fast inner voltage magnitude loop 58 and a slow 
( not shown ) . The wind turbine 10 also includes a rotor 16 outer reactive power loop 56. Further , as shown , the farm 
that includes a plurality of rotor blades 20 attached to a 35 level controller alternates between voltage control and reac 
rotating hub 18. As wind impacts the rotor blades 20 , the tive power controller via switch 64. For voltage control , the 
blades 20 transform wind energy into a mechanical rota- farm - level controller receives a voltage set point 66 and 
tional torque that rotatably drives a low - speed shaft 22. The limits the set point via a slew rate limiter 68. For reactive 
low - speed shaft 22 is configured to drive a gearbox 24 power control , the farm - level controller regulates the reac 
( where present ) that subsequently steps up the low rotational 40 tive power via a VAR regulator 70 based on a reactive power 
speed of the low - speed shaft 22 to drive a high - speed shaft set point 72 and a reactive power feedback signal QFBK The 
26 at an increased rotational speed . The high - speed shaft 26 farm - level controller then limits either the voltage or reac 
is generally rotatably coupled to a generator 28 ( such as a tive power signal that enters the fast inner voltage magnitude 
doubly - fed induction generator or DFIG ) so as to rotatably loop 58. As shown at 74 , another voltage regulator 74 
drive a generator rotor 30. As such , a rotating magnetic field 45 regulates the voltage signal to determine a reactive power 
may be induced by the generator rotor 30 and a voltage may command for the wind farm . The farm - level controller then 
be induced within a generator stator 32 that is magnetically distributes the net reactive power command ( CMD ) to 
coupled to the generator rotor 30. The associated electrical individual wind turbines 102 ( i.e. 101 , 102 , to 10 , and so on ) . 
power can be transmitted from the generator stator 32 to a At the turbine level , as shown in FIG . 5 , there is another 
main three - winding transformer 34 that is typically con- 50 volt / VAR control loop that consists of a faster inner mag 
nected to a power grid via a grid breaker 36. Thus , the main nitude loop 62 and a slower outer reactive power loop 60 . 
transformer 34 steps up the voltage amplitude of the elec- Further , the three - winding transformer 34 of each wind 
trical power such that the transformed electrical power may turbine 10 provides a certain impedance that allows the wind 
be further transmitted to the power grid . turbines 10 in the wind farm 46 to regulate the voltage at the 

In addition , as shown , the generator 28 is typically 55 secondary winding of the three - winding transformer . This in 
electrically coupled to a bi - directional power converter 38 turn enables regulating the voltage at the point of common 
that includes a rotor - side converter 40 joined to a line - side coupling ( POCC ) or point of interconnection ( POI ) . Thus , 
converter 42 via a regulated DC link 44. The rotor - side the faster inner magnitude loop 62 provides the grid with fast 
converter 40 converts the AC power provided from the rotor voltage magnitude support for transient events , while the 
30 into DC power and provides the DC power to the DC link 60 slower outer reactive power loop 60 provides VAR balance 
44. The line side converter 42 converts the DC power on the between the wind turbines 10 in steady state . 
DC link 44 into AC output power suitable for the power grid . In such systems , however , the three - winding transformers 
Thus , the AC power from the power converter 38 can be 34 associated with each wind turbine 10 is expensive . 
combined with the power from the stator 32 to provide Particularly , the secondary winding 35 of the transformer 34 
multi - phase power ( e.g. three - phase power ) having a fre- 65 that is connected to the generator stator 32 can be costly . 
quency maintained substantially at the frequency of the Thus , for some wind turbine power systems , the three 
power grid ( e.g. 50 Hz / 60 Hz ) . winding transformer is eliminated . In such systems , the 
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output of two or more wind turbines is directly coupled to a voltage command or a measured terminal voltage . In addi 
medium - voltage ( MV ) collection system . The collection tion , the control system may include a voltage regulator 
system then connects the wind turbines to the secondary configured to generate a reactive current command based on 
winding of a cluster transformer that steps up the voltage the voltage error signal . It should be understood that the 
from a MV level to the POI voltage level . In this configu- 5 control system may further include any of the additional 
ration , the wind turbines are connected to a common point features as described herein . 
without any impedance between them . Due to the absence of In yet another aspect , the present disclosure is directed to impedance provided by the stator winding 35 in the three a wind farm . The wind farm includes a plurality of wind winding transformers 34 , however , the goal of each wind turbine clusters each having a plurality of wind turbines . 
turbine to simply regulate the turbine terminal voltage 10 Each of the wind turbines has a power converter electrically 
becomes difficult . coupled to a generator with a generator rotor and a generator Thus , it would be advantageous to provide a wind farm stator . Further , each of the wind turbines defines a stator having a plurality of wind turbines without the three power path and a converter power path for providing power winding transformer described above , but that maintains the systems ' voltage stability and minimizes reactive power is to the power grid . The converter power path contains a 
oscillations between the wind turbines . partial power transformer . The wind farm also includes a 

cluster transformer connecting each cluster of wind turbines 
BRIEF DESCRIPTION to a power grid and a plurality of turbine controllers . Each 

of the turbine controllers is communicatively coupled to one 
Aspects and advantages of the invention will be set forth 20 of the wind turbines . Further , the turbine controllers are 

in part in the following description , or may be obvious from configured to perform one or more operations , including but 
the description , or may be learned through practice of the not limited to receiving a reactive power command and a 
invention . measured reactive power , generating a reactive power error 

In one aspect , the present subject matter is directed to a signal based on a difference between the reactive power 
method for controlling an electrical power system connected 25 command and the measured reactive power , receiving the 
to a power grid . The electrical power system has a plurality reactive power error signal , generating a voltage command 
of clusters of electrical power subsystems . Each of the based on the error signal , generating a voltage droop signal , 
electrical power subsystems defines a stator power path and generating a voltage error signal as a function of the voltage 
a converter power path for providing power to the power droop signal and at least one of the voltage command or a 
grid . The converter power path has a partial power trans- 30 measured terminal voltage , and generating a reactive current 
former . The method includes receiving , via a controller , a command based on the voltage error signal . It should be 
reactive power command and a measured reactive power . understood that the wind farm may further include any of the 
The method also includes generating , via the controller , a additional features as described herein . 
reactive power error signal based on a difference between These and other features , aspects and advantages of the 
the reactive power command and the measured reactive 35 present invention will become better understood with refer 
power . Further , the method includes receiving , via a reactive ence to the following description and appended claims . The 
power regulator , the reactive power error signal . Moreover , accompanying drawings , which are incorporated in and 
the method includes generating , via the reactive power constitute a part of this specification , illustrate embodiments 
regulator , a voltage command based on the error signal . The of the invention and , together with the description , serve to 
method also includes generating , via a droop control , a 40 explain the principles of the invention . 
voltage droop signal . In addition , the method includes 
generating , via the controller , a voltage error signal as a BRIEF DESCRIPTION OF THE DRAWINGS 
function of the voltage droop signal and at least one of the 
voltage command or a measured terminal voltage . Thus , the A full and enabling disclosure of the present invention , 
method further includes generating , via a voltage regulator , 45 including the best mode thereof , directed to one of ordinary 
a reactive current command based on the voltage error skill in the art , is set forth in the specification , which makes 
signal . reference to the appended figures , in which : 

In another aspect , the present disclosure is directed to a FIG . 1 illustrates a perspective view of a portion of one 
control system for an electrical power system connected to embodiment of a wind turbine according to conventional 
a power grid . The electrical power system has a plurality of 50 construction ; 
clusters of electrical power subsystems . Each of the electri- FIG . 2 illustrates a schematic diagram of a conventional 
cal power subsystems defines a stator power path and a electrical power system suitable for use with the wind 
converter power path for providing power to the power grid . turbine shown in FIG . 1 ; 
The converter power path has a partial power transformer . FIG . 3 illustrates a schematic diagram of one embodiment 
The control system includes one or more sensors for gen- 55 of a conventional wind farm according to conventional 
erating at least one of a measured reactive power or a construction , particularly illustrating a plurality of wind 
measured terminal voltage , a controller configured to turbine power systems such as those illustrated in FIG . 2 
receive a reactive power command and the measured reac- connected to a single sub - station transformer ; 
tive power and generate a reactive power error signal based FIG . 4 illustrates a schematic diagram of one embodiment 
on a difference between the reactive power command and 60 of a farm - level control scheme according to conventional 
the measured reactive power , and a reactive power regulator construction ; 
configured to receive the reactive power error signal and FIG . 5 illustrates a schematic diagram of one embodiment 
generate a voltage command based on the error signal . of a turbine - level control scheme according to conventional a 
Further , the control system may include a droop control construction ; 
configured to generate a voltage droop signal . The controller 65 FIG . 6 illustrates a schematic diagram of one embodiment 
may also be configured to generate a voltage error signal as of an electrical power system for a wind turbine according 
a function of the voltage droop signal and at least one of the to the present disclosure ; 
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FIG . 7 illustrates a schematic diagram of one embodiment rotational speed of the low - speed shaft 110 to drive a 
of a wind farm according to the present disclosure , particu- high - speed shaft 114 at an increased rotational speed . The 
larly illustrating a plurality of wind turbine clusters each high - speed shaft 114 is generally rotatably coupled to a 
connected to the grid via a cluster transformer ; doubly - fed induction generator 116 ( referred to hereinafter 
FIG . 8 illustrates a block diagram of one embodiment of 5 as DFIG 116 ) so as to rotatably drive a generator rotor 118 . 

a wind turbine controller according to the present disclosure ; As such , a rotating magnetic field may be induced by the 
FIG . 9 illustrates a schematic diagram of one embodiment generator rotor 118 and a voltage may be induced within a 

of a control system according to the present disclosure ; and generator stator 120 that is magnetically coupled to the 
FIG . 10 illustrates a flow diagram of one embodiment of generator rotor 118. In one embodiment , for example , the 

a method for controlling an electrical power system con- 10 generator 116 is configured to convert the rotational 
nected to a power grid according to the present disclosure . mechanical energy to a sinusoidal , three - phase alternating 

current ( AC ) electrical energy signal in the generator stator 
DETAILED DESCRIPTION 120. Thus , as shown , the associated electrical power can be 

transmitted from the generator stator 120 directly the grid . 
Reference now will be made in detail to embodiments of 15 In addition , as shown , the generator 116 is electrically 

the invention , one or more examples of which are illustrated coupled to a bi - directional power converter 122 that includes 
in the drawings . Each example is provided by way of a rotor - side converter 124 joined to a line - side converter 126 
explanation of the invention , not limitation of the invention . via a regulated DC link 128. Thus , the rotor - side converter 
In fact , it will be apparent to those skilled in the art that 124 converts the AC power provided from the generator 
various modifications and variations can be made in the 20 rotor 118 into DC power and provides the DC power to the 
present invention without departing from the scope or spirit DC link 128. The line side converter 126 converts the DC 
of the invention . For instance , features illustrated or power on the DC link 128 into AC output power suitable for 
described as part of one embodiment can be used with the power grid . More specifically , as shown , the AC power 
another embodiment to yield a still further embodiment . from the power converter 122 can be combined with the 
Thus , it is intended that the present invention covers such 25 power from the generator stator 120 via a converter power 
modifications and variations as come within the scope of the path 127 and a stator power path 125 , respectively . For 
appended claims and their equivalents . example , as shown , and in contrast to conventional systems 

Generally , the present disclosure is directed to a method such as those illustrated in FIGS . 1-3 , the converter power 
for controlling an electrical power system connected to a path 127 may include a partial power transformer 130 for 
power grid . The method includes receiving a reactive power 30 stepping up the voltage amplitude of the electrical power 
command and a measured reactive power and generating a from the power converter 122 such that the transformed 
reactive power error signal based on a difference between electrical power may be further transmitted to the power 
the reactive power command and the measured reactive grid . Thus , as wn , the illustrated system 102 of FIG . 6 
power . Further , the method includes generating a voltage does not include the conventional three - winding main trans 
command based on the reactive power error signal . The 35 former described above . Rather , as shown in the illustrated 
method also includes generating a voltage droop signal via embodiment , the partial power transformer 130 may corre 
a droop control and generating a voltage error signal as a spond to a two - winding transformer having a primary wind 
function of the voltage droop signal and the voltage com- ing 132 connected to the power grid and a secondary 
mand and / or a measured terminal voltage . Thus , the method winding 134 connected to the rotor side converter 124 . 
further includes generating a reactive current command 40 In addition , the electrical power system 100 may include 
based on the voltage error signal . As such , the system and one or more controllers . For example , as shown in FIG . 8 , 
method of the present disclosure provide many advantages the system 100 may include a system - level controller ( e.g. a 
not present in the prior art . For example , the present disclo- farm - level controller 107 ) , one or more cluster - level con 
sure reduces reactive power oscillations between wind tur- trollers 156 , and / or one or more subsystem - level controllers 
bines due to low impedances between each of the turbine 45 ( e.g. turbine - level controllers 136 ) . As such , the various 
generators . controllers described herein are configured to control any of 

Referring now to FIG . 6 , a schematic diagram of one the components of the wind farm 105 , the wind turbine 
embodiment of an electrical power subsystem 102 according clusters 137 , and / or the individual wind turbines 100 and / or 
to the present disclosure is illustrated . It should be under- implement the method steps as described herein . 
stood that the term “ subsystem ” is used herein to distinguish 50 For example , as shown particularly in FIG . 8 , a block 
between the individual power systems ( e.g. as shown in FIG . diagram of one embodiment of a controller as described 
6 ) and the overall electrical power system 105 of FIG . 7 that herein is illustrated . As shown , the controller may include 
includes a plurality of electrical power subsystems 102 . one or more processor ( s ) 138 and associated memory 
Those of ordinary skill in the art , however , will recognize device ( s ) 140 configured to perform a variety of computer 
that the electrical power subsystem 102 of FIG . 6 may also 55 implemented functions ( e.g. , performing the methods , steps , 
be referred to more generically , such as a simply a system calculations and the like and storing relevant data as dis 
( rather than a subsystem ) . Therefore , such terms may be closed herein ) . Additionally , the controller may also include 
used interchangeably and are not meant to be limiting . a communications module 142 to facilitate communications 

Further , as shown , the electrical power subsystem 102 between the controller and the various components of the 
may correspond to a wind turbine power system 100. More 60 wind farm 105 , e.g. any of the components of FIGS . 6 and 
specifically , as shown , the wind turbine power system 100 7. Further , the communications module 142 may include a 
includes a rotor 104 that includes a plurality of rotor blades sensor interface 144 ( e.g. , one or more analog - to - digital 
106 attached to a rotating hub 108. As wind impacts the rotor converters ) to permit signals transmitted from one or more 
blades 106 , the blades 106 transform wind energy into a sensors 139 , 141 , 143 to be converted into signals that can 
mechanical rotational torque that rotatably drives a low- 65 be understood and processed by the processors 138. It 
speed shaft 110. The low - speed shaft 110 is configured to should be appreciated that the sensors 139 , 141 , 143 may be 
drive a gearbox 112 that subsequently steps up the low communicatively coupled to the communications module 
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142 using any suitable means . For example , as shown in It should also be understood that any number or type of 
FIG . 8 , the sensors 139 , 141 , 143 may be coupled to the voltage and / or electric current sensors may be employed 
sensor interface 144 via a wired connection . However , in within the wind turbine 100 and at any location . For 
other embodiments , the sensors 139 , 141 , 143 may be example , the sensors may be current transformers , shunt 
coupled to the sensor interface 144 via a wireless connec- sensors , rogowski coils , Hall Effect current sensors , Micro 
tion , such as by using any suitable wireless communications Inertial Measurement Units ( MIMUS ) , or similar , and / or any 
protocol known in the art . As such , the processor 138 may other suitable voltage or electric current sensors now known 
be configured to receive one or more signals from the or later developed in the art . Thus , the converter controller 
sensors 139 , 141 , 143 . 154 is configured to receive one or more voltage and / or 
As used herein , the term " processor ” refers not only to 10 electric current feedback signals from the sensors 139 , 141 , 

integrated circuits referred to in the art as being included in 143. More specifically , in certain embodiments , the current 
a computer , but also refers to a controller , a microcontroller , or voltage feedback signals may include at least one of line 
a microcomputer , a programmable logic controller ( PLC ) , feedback signals , line - side converter feedback signals , rotor 
an application specific integrated circuit , and other program- side converter feedback signals , or stator feedback signals . 
mable circuits . The processor 138 is also configured to 15 Referring particularly to FIG . 7 , individual power systems 
compute advanced control algorithms and communicate to a ( such as the power subsystem 102 illustrated in FIG . 4 ) may 
variety of Ethernet or serial - based protocols ( Modbus , OPC , be arranged in at least two clusters 137 to form an electrical 
CAN , etc. ) . Additionally , the memory device ( s ) 140 may power system 105. More specifically , as shown , the wind 
generally comprise memory element ( s ) including , but not turbine power systems 100 may be arranged into a plurality 
limited to , computer readable medium ( e.g. , random access 20 of clusters 137 so as to form a wind farm . Thus , as shown , 
memory ( RAM ) ) , computer readable non - volatile medium each cluster 137 may be connected to a separate transformer 
( e.g. , a flash memory ) , a floppy disk , a compact disc - read 145 , 146 , 147 via switches 150 , 151 , 152 , respectively , for 
only memory ( CD - ROM ) , a magneto - optical disk ( MOD ) , a stepping up the voltage amplitude of the electrical power 
digital versatile disc ( DVD ) and / or other suitable memory from each cluster 137 such that the transformed electrical 
elements . Such memory device ( s ) 140 may generally be 25 power may be further transmitted to the power grid . In 
configured to store suitable computer - readable instructions addition , as shown , the transformers 145 , 146 , 147 are 
that , when implemented by the processor ( s ) 138 , configure connected to a main line 148 that combines the voltage from 
the controller to perform the various functions as described each cluster 137 before sending the power to the grid . 
herein . Further , as mentioned , each of the clusters 137 may be 

In operation , alternating current ( AC ) power generated at 30 communicatively coupled with a cluster - level controller 
the generator stator 120 by rotation of the rotor 104 is 156 . 
provided via a dual path to the grid , i.e. via the stator power However , due to the absence of impedance provided by 
path 125 and the converter power path 127. More specifi- the stator winding 35 in the main three - winding transformer 
cally , the rotor side converter 124 converts the AC power 34 of conventional systems , the goal of each wind turbine 
provided from the generator rotor 118 into DC power and 35 regulating its terminal voltage becomes difficult . More spe 
provides the DC power to the DC link 128. Switching cifically , such systems ( i.e. the systems illustrated in FIG . 6 ) 
elements ( e.g. IGBTs ) used in bridge circuits of the rotor have been known to experience reactive power oscillations . 
side converter 124 can be modulated to convert the AC Thus , FIG . 9 illustrates a schematic diagram of one embodi 
power provided from the generator rotor 118 into DC power ment of a control system 160 according to the present 
suitable for the DC link 124. The line side converter 126 40 disclosure that addresses the issues associated with the 
converts the DC power on the DC link 128 into AC output elimination of the main transformer 34 illustrated in FIG . 2 . 
power suitable for the grid . In particular , switching elements As shown , the control system 160 includes two loops : a 
( e.g. IGBTs ) used in bridge circuits of the line side converter voltage regulator loop and a Q regulator loop . The voltage 
126 can be modulated to convert the DC power on the DC regulator loop operates relatively fast ( e.g. , 20 rad / sec ) as 
link 128 into AC power . As such , the AC power from the 45 compared to the Q regulator loop ( e.g. , greater than 1 second 
power converter 122 can be combined with the power from closed loop time constant ) . Further , the Q regulator 168 
the generator stator 120 to provide multi - phase power hav- adjusts the set point of the voltage regulator . Conceptually , 
ing a frequency maintained substantially at the frequency of the control system of FIG . 9 provides for wind turbine 
the bus . It should be understood that the rotor side converter generator terminal voltage control by regulating the voltage 
124 and the line side converter 126 may have any configu- 50 according to a reference set by a higher - than - generator - level 
ration using any switching devices that facilitate operation ( e.g. , substation or wind farm ) controller . Reactive power is 
of electrical power system 200 as described herein . regulated over a longer term ( e.g. , several seconds ) while 

Further , the power converter 122 may be coupled in wind turbine generator terminal voltage is regulated over a 
electronic data communication with the turbine controller shorter term ( e.g. , less than several seconds ) to mitigate the 
136 and / or a separate or integral converter controller 154 to 55 effects of fast grid transients . 
control the operation of the rotor side converter 124 and the More specifically , as shown , the reactive power command 
line side converter 126. For example , during operation , the ( CMD ) 162 , which corresponds to a command indicating 
controller 136 may be configured to receive one or more the target reactive power to be produced , is compared to a 
voltage and / or electric current measurement signals from the signal indicating measured reactive power 164 ( QFbk ) . The 
first set of voltage and electric current sensors 139 , 141 , 143. 60 resulting error signal 166 indicates the difference between 
Thus , the controller 136 may be configured to monitor and the measured reactive power 164 and the commanded reac 
control at least some of the operational variables associated tive power 162. The error signal 166 is an input signal to 
with the wind turbine 100 via the sensors 139 , 141 , 143. In VAR regulator 168 , which generates V command 170 that 
the illustrated embodiment , the sensors 139 , 141 , 143 may indicates to the generator 116 the reactive power to be 
be electrically coupled to any portion of electrical power 65 provided by the generator 116. In one embodiment , the VAR 
subsystem 102 that facilitates operation of electrical power regulator 168 may be a proportional integral ( PI ) controller 
subsystem 102 as described herein . that has a closed - loop time constant in the range of 1 to 10 
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seconds ( e.g. , 3 seconds , 5 seconds , 5.5 seconds ) . Other error signal 166. As shown at 208 , the method 200 includes 
types of controllers can also be used , for example , propor- generating , via the reactive power regulator 168 , a voltage 
tional derivative ( PD ) controllers , proportional integral command ( i.e. the V command 170 ) based on the reactive 
derivative ( PID ) controllers , state space controllers , etc. power error signal 166 . 
Other time constants can be used for the VAR regulator 168 5 As shown at 210 , the method 200 includes generating , via 
provided that the time constant for the VAR regulator 168 is the droop control 186 , the voltage droop signal 188. As 
numerically greater than the time constant for the voltage shown at 212 , the method 200 includes generating , via the 
regulator 178 . control system 160 , the voltage error signal 176 as a function 
The V command 170 is limited to a predetermined range , of the voltage droop signal 188 and at least one of the 

for example , via a first limiter 172 and is then compared to 10 voltage command 170 or the measured terminal voltage 
a signal indicating measured terminal voltage 174 ( VFbk ) for VFbk 174. More specifically , in one embodiment , the control 
the generator 116. Further , as shown , the difference between system 160 may generate the voltage error signal 176 using 
V command 170 and the measured terminal voltage 174 is Equation ( 1 ) below . For example , as shown , the control 
the voltage error signal 176. The voltage error signal 176 is system 160 may generate the voltage error signal 176 by 
the input signal to voltage regulator 178 . 15 subtracting the measured terminal voltage V 174 from the 

The voltage regulator 178 then generates an output signal voltage command 170 ( Vemd ) to obtain a first value . The 
180. The output signal 180 may be limited using a second control system 160 may then multiply the measured reactive 
limiter 182 so as to generate the reactive current command power ( QFbk ) by the voltage droop signal 188 ( Kdroop ) to 
184 , which is used to control generator rotor current . In one obtain a second value . The control system 160 can then 
embodiment , the voltage regulator 178 is a PI controller that 20 subtract the second value from the first value to obtain the 
has a closed - loop time constant of approximately 50 milli- voltage error signal 176 as shown below . 
seconds . Other types of controllers can also be used , for 
example , PD controllers , PID controllers , etc. Other time Voltage Error Signal = ( Vend - VFbk - QFbk * K droop ) Equation ( 1 ) 

constants can be used ( e.g. , 1 second , 20 milliseconds , 75 As shown at 214 , the method 200 includes generating , via 
milliseconds , 45 milliseconds ) for the voltage regulator 178 25 a voltage regulator , the reactive current command 184 based 
provided that the time constant for voltage regulator 178 is on the voltage error signal 176. More specifically , the 
less than the time constant for the VAR regulator 168. In reactive current command may be calculated using Equation 
general , there are two components of the reactive current ( 2 ) below . 
command 184 , namely , the real power component and the Reactive Current Command = ( Vend - Vibk reactive power component . For example , the reactive current 30 QFbk * K droop ) GV ( s ) Equation ( 2 ) 
command 184 generated as described with respect to FIG . 9 
is the reactive component command . The real component Where Gvis ) is the voltage regulator value . 
can be generated in any manner known in the art . More specifically , as shown in FIG . 9 , the control system 

In one embodiment , all of the limits discussed with 160 may generate the output signal 180 based on the voltage 
respect to FIG . 9 are non - windup limits ; however , in alter- 35 error signal 176 , limit the output signal 180 of the voltage 
nate embodiments , a subset of the limits can be non - windup regulator 178 via the second limiter 182 , and generate the 
limits . The limits have been discussed in terms of fixed reactive current command 184 based on the limited output 
parameters ; however , dynamically variable parameters pro signal . 
vided by , for example , a lookup table or a processor or state This written description uses examples to disclose the 
machine executing a control algorithm can provide the 40 invention , including the best mode , and also to enable any 
limits . Such a dynamically variable limit may be based upon person skilled in the art to practice the invention , including 
a current rating of the generator and a contemporaneous real making and using any devices or systems and performing 
power output . any incorporated methods . The patentable scope of the 

Still referring to FIG . 9 , as shown , the control system 160 invention is defined by the claims , and may include other 
also includes a droop control 186 for generating a voltage 45 examples that occur to those skilled in the art . Such other 
droop signal 188. More specifically , as shown , the droop examples are intended to be within the scope of the claims 
control 186 is configured with the Q regulator loop and the if they include structural elements that do not differ from the 
voltage regulator loop so as to generate a droop output signal literal language of the claims , or if they include equivalent 
that is used by the control system 160 as shown at 175. As structural elements with insubstantial differences from the 
used herein , the droop control 186 generally refers to a loss 50 literal languages of the claims . 
in output voltage from a device as it drives a load . As such , What is claimed is : 
by providing a droop control with each of the turbines in the 1. A method for controlling an electrical power system 
wind farm , the droop control 186 allows synchronous gen- connected to a power grid , the electrical power system 
erators to run in parallel , so that loads are shared among having a plurality of clusters of electrical power subsystems , 
generators in proportion to their power rating . 55 each of the electrical power subsystems defining a generator , 

Referring now to FIG . 10 , a flow diagram of one embodi- a stator power path , and a converter power path for provid 
ment of a method 200 controlling a wind farm ( e.g. such as ing power to the power grid , the converter power path 
the wind farm 100 illustrated in FIG . 7 ) is illustrated having a partial power transformer , the method comprising : 
according to the present disclosure . As shown at 202 , the receiving , via a controller , a reactive power command and 
method 200 includes receiving , via the control system 160 , 60 a measured reactive power ; 
the reactive power command 162 and the measured reactive generating , via the controller , a reactive power error 
power Qfbk 164. As shown at 204 , the method 200 includes signal based on a difference between the reactive power 
generating , via the control system 160 , the reactive power command and the measured reactive power ; 
error signal 166 based on a difference between the reactive receiving , via reactive power regulator , the reactive 
power command 162 and the measured reactive power Qebk power error signal ; 
164. As shown at 206 , the method 200 includes receiving , generating , via the reactive power regulator , a voltage 
via the reactive power regulator 168 , the reactive power command based on the reactive power error signal ; 
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generating , via a droop control , a voltage droop signal ; a reactive power regulator configured to receive the 
generating , via the controller , a voltage error signal as a reactive power error signal and generate a voltage 

function of the voltage droop signal , the voltage com command based on the reactive power error signal ; 
mand , and a measured terminal voltage , wherein gen- a droop control configured to generate a voltage droop 
erating the voltage error signal as a function of the 5 signal ; 
voltage droop signal , the voltage command , and the the controller further configured to generate a voltage 
measured terminal voltage further comprises : error signal as a function of the voltage droop signal , 
subtracting the measured terminal voltage from the the voltage command , and the measured terminal volt 

voltage command to obtain a first value , age , wherein the controller generates the voltage error 
multiplying the measured reactive power by a gain to signal as a function of the voltage droop signal , the 

form the voltage droop signal , wherein the voltage voltage command , and the measured terminal voltage 
droop signal corresponds with a second value and is by : 
configured with a reactive power regulator loop and subtracting the measured terminal voltage from the 
a voltage regulator loop of the electrical power voltage command to obtain a first value , 
system ; and multiplying the measured reactive power by the voltage 

subtracting the second value from the first value to droop signal to obtain a second value , wherein the 
obtain the voltage error signal ; and voltage drop signal is configured with a reactive 

generating , via a voltage regulator , a reactive current power regulator loop and a voltage regulator loop of 
command based on the voltage error signal , wherein 20 the electrical power system , and 
the reactive current command is obtained by multiply subtracting the second value from the first value to 
ing the voltage error signal by a voltage regulator value . obtain the voltage error signal ; and , 

2. The method of claim 1 , further comprising limiting the a voltage regulator configured to generate a reactive 
voltage command via a first limiter . current command based on the voltage error signal , 

3. The method of claim 1 , wherein generating the reactive 25 wherein the reactive current command is obtained by 
current command based on the voltage error signal further multiplying the voltage error signal by a voltage regu 
comprises : lator value . 

generating an output signal based on the voltage error 10. The control system of claim 9 , further comprising a 
signal ; first limiter configured to limit the voltage command . 

limiting the output signal of the voltage regulator via a 30 11. The control system of claim 9 , wherein the voltage 
second limiter ; and , regulator generates the reactive current command based on 

generating the reactive current command based on the the voltage error signal by : 
limited output signal . generating an output signal based on the voltage error 

4. The method of claim 1 , wherein the partial power signal ; 
transformer comprises at least one of a two - winding trans- 35 limiting the output signal of the voltage regulator via a 
former or a three - winding transformer . second limiter ; and , 

5. The method of claim 1 , wherein the reactive power generating the reactive current command based on the 
regulator comprises at least one of a proportional integral limited output signal . 
( PI ) controller , a proportional derivative ( PD ) controller , a 12. The control system of claim 9 , wherein the partial 
proportional integral derivative ( PID ) controller , or a state 40 power transformer comprises at least one of a two - winding 
space controller . transformer or a three - winding transformer . 

6. The method of claim 1 , wherein the voltage regulator 13. The control system of claim 9 , wherein the reactive 
comprises at least one of a proportional integral ( PI ) con- power regulator comprises at least one of a proportional 
troller , a proportional derivative ( PD ) controller , a propor- integral ( PI ) controller , a proportional derivative ( PD ) con 
tional integral derivative ( PID ) controller , or a state space 45 troller , a proportional integral derivative ( PID ) controller , or 
controller . a state space controller . 

7. The method of claim 1 , wherein the generator of each 14. The control system of claim 9 , wherein the voltage 
of the electrical power subsystems comprises a doubly - fed regulator comprises at least one of a proportional integral 
induction generator ( DFIG ) . ( PI ) controller , a proportional derivative ( PD ) controller , a 

8. The method of claim 1 , wherein the electrical power 50 proportional integral derivative ( PID ) controller , or a state 
system comprises a wind farm , and wherein the electrical space controller . 
power subsystems comprise wind turbine power systems . 15. The control system of claim 9 , wherein the generator 

9. A control system for an electrical power system con- of each of the electrical power subsystems comprises a 
nected to a power grid , the electrical power system having doubly - fed induction generator ( DFIG ) . 
a plurality of clusters of electrical power subsystems , each 55 16. The control system of claim 9 , wherein the electrical 
of the electrical power subsystems defining a stator power power system comprises a wind farm , and wherein the 
path and a converter power path for providing power to the electrical power subsystems comprise wind turbine power 
power grid , the converter power path having a partial power systems . 
transformer , the control system comprising : 17. A wind farm , comprising : 

one or more sensors for generating at least one of a 60 a plurality of wind turbine clusters each comprising a 
measured reactive power or a measured terminal volt plurality of wind turbines , each of the wind turbines 
age ; having a power converter electrically coupled to a 

a controller configured to receive a reactive power com generator with a generator rotor and a generator stator , 
mand and the measured reactive power and generate a each of the wind turbines defining a stator power path 
reactive power error signal based on a difference 65 and a converter power path for providing power to the 
between the reactive power command and the mea- power grid , the converter power path containing a 
sured reactive power ; partial power transformer ; 
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a cluster transformer connecting each cluster of wind erating the voltage error signal as a function of the 
turbines to a power grid ; and , voltage droop signal , the voltage command , and the 

a plurality of turbine controllers , each of the turbine measured terminal voltage further comprises : 
controllers communicatively coupled to one of the subtracting the measured terminal voltage from the wind turbines , the turbine controllers configured to voltage command to obtain a first value , perform one or more operations , the one or more multiplying the measured reactive power by a gain to operations comprising : form the voltage droop signal , wherein the voltage receiving a reactive power command and a measured 
reactive power ; droop signal corresponds with a second value and is 

configured with a reactive power regulator loop and generating a reactive power error signal based on a 
difference between the reactive power command and a voltage regulator loop of the electrical power 
the measured reactive power ; system ; and 

receiving the reactive power error signal ; subtracting the second value from the first value to 
generating a voltage command based on the reactive obtain the voltage error signal ; and 

generating a reactive current command based on the power error signal ; 
generating a voltage droop signal ; voltage error signal , wherein the reactive current com 

mand is obtained by multiplying the voltage error generating , via the controller , a voltage error signal as a 
function of the voltage droop signal , the voltage com signal by a voltage regulator value . 
mand , and a measured terminal voltage , wherein gen 
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